
ABSTRACT

The Gluteus Maximus (GM) muscle is the largest and most powerful in the human body. It plays an impor-
tant role in optimal functioning of the human movement system as well as athletic performance. It is 
however, prone to inhibition and weakness which contributes to chronic pain, injury and athletic under-
performance. As such, understanding how to assess and treat GM dysfunction is an important aspect of 
sports science and medicine, as it has relevance for injury prevention, rehabilitation and performance 
enhancement. Despite GMs considerable importance there is little research attempting to translate evi-
dence into practice to support practitioners when faced with ‘sleepy glutes’. This clinical commentary dis-
cusses the importance of GM for athletic performance and injury risk; factors which contribute to GM 
dysfunction and then provides evidenced informed approaches to assess and treat GM dysfunction. This 
can be used as part of rehabilitation or injury prevention practices as well as athletic performance 
training. 
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INTRODUCTION
In a normal functioning human, the gluteus maxi-
mus (GM) is the strongest and biggest muscle in the 
body. It is an important muscle, which has devel-
oped throughout human evolution to allow us to be 
able to maintain an upright erect posture. GM is an 
important muscle for activities of daily living, dis-
plays of explosive athletic performance, and stability 
of certain joints in the body. Unfortunately, GM is 
prone to weakness and inhibition, which negatively 
affects athletic performance and has been identified 
as the mechanism responsible (or linked to depend-
ing on strength of evidence) for numerous injury 
types and chronic pain.1-4 GM dysfunction could be 
a key factor in the increased injury risk apparent in 
those with previous injury. This clinical commen-
tary will review the role of GM in injury risk, its 
importance for optimal biomechanics and athletic 
performance and provide practical recommenda-
tions on how to assess and treat GM weakness and 
dysfunction.

ANATOMY AND FUNCTION OF GLUTEUS 
MAXIMUS MUSCLE AND ITS IMPLICATIONS 
IN INJURY RISK AND CHRONIC PAIN
GM is the largest muscle in the human body,5 
accounting for 16% of the total cross-sectional area.6 
Traditionally, GM was thought to originate at the pos-
terior quarter of the iliac crest, the posterior surface 
of the sacrum and coccyx, and to the fascia of the 
lumbar spine.7,8 Recent authors have also suggested 
attachments  originating from  the gluteus medius 
fascia, ilium, thoracolumbar fascia, erector spinae 
aponeurosis, dorsal sacroiliac and sacrotuberous 
ligaments, as well as the more traditionally known 
attachments at the sacrum and coccyx.9 The muscle 
runs inferiorly and laterally, splitting into two por-
tions, with the superior portion inserting into the 
iliotibial tract of the fascia lata and the inferior por-
tion inserting at the gluteal tuberosity of the femur.10

GM assumes three basic functions, to act as both a 
local and global stabilizer and to exert force (to per-
form global movement at the lumbopelvic region) 
as a global mobilizer. As a local stabilizer, the GM 
roles include segmental stabilization, of the a) lower 
back via its connection with the erector spinae and 
thoraco-lumbar fascia;11,12 b) sacroiliac joint (SIJ) by 
bracing and compression;13,14 c) in the lumbo-sacral 

region via co-contraction with the psoas major15,16 as 
well as d) femoral head stabilization in the acetabu-
lum via control of femoral head translation17 and e) 
due to its attachment into the iliotibial band, supe-
rior fibers of the GM may play a role in stabilizing 
the knee joint in extension. 

As a global stabilizer, the GM functions through 
eccentric and/or isometric actions to control range 
of motion across three planes of motion. Acting as a 
tri-planar stabilizer in movement, it acts to prevent 
trunk forward lean; trunk rotation (via working in 
conjunction with the contralateral latissimus dorsi 
as part of the posterior oblique system), stabilization 
of the pelvis during single leg stance, preventing 
adduction and internal rotation of the femur. Col-
lectively, the GM functions in conjunction with the 
other gluteal muscles (gluteus medius and gluteus 
minimus) to stabilize the hip by counteracting grav-
ity’s hip adduction torque and maintain proper leg 
alignment by eccentrically controlling adduction 
and internal rotation of the thigh.18,19 

As a global mobilizer, GM produces large amounts of 
force and power to contribute to hip extension and 
external rotation of the femur, while the superior 
fibers act to produce hip abduction torque, and the 
inferior fibers act to produce hip adduction torque. 

The human body is a linked mechanical system 
and the GM functions as part of a muscle system in 
conjunction with other muscles and muscle groups. 
GM has an array of functions which contribute to 
optimal movement and athletic performance. The 
neuromuscular system is designed to compensate to 
allow for movement in the presence of certain mus-
cle dysfunction. As such, when this muscle is dys-
functional it does not stop movement or necessarily 
elicit symptoms of injury as compensation occurs. 
However, the resultant altered intrinsic muscle coor-
dination and kinematics because of GM dysfunction 
may ultimately contribute to the numerous chronic 
‘biomechanical overload’ type injuries20 or to certain 
acute injuries when certain joints may be overcome 
through excessive force acting upon a compromised 
neuromuscular system (e.g., ACL injuries).21

Weakness of GM has been implicated in numerous 
injury types such as anterior knee pain,22,23 ante-
rior cruciate ligament injuries21 low back pain24,25 
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Pain and/or swelling 
Pain is considered a potent inhibitor of GM resulting 
in delayed and reduced GM activation with concur-
rent hamstring and low back compensation.15,27,36-38 
This includes pain from local areas such as the 
back25,37,38 and pain at body regions located away 
from the hip and pelvic region, such as the ankle.27 

This inhibitory effect is thought to act as a protec-
tive mechanism to preserve short term musculoskel-
etal health through limiting the ability for powerful 
movements. Hodges and Tucker39 proposed that pain 
may trigger neuromuscular changes with the intent 
of protecting the injured region of the body and 
minimizing the experience of pain. The authors pro-
posed these adaptations to include: redistribution of 
activity within or between muscles and changes in 
mechanical behavior including stiffness or modified 
movement patterns. The authors further suggested 
that changes occur at multiple levels of the ner-
vous system and may be additive, complementary 
or competitive. While these changes may provide 
short term pain relief and protection from further 
damage, they may have long-term implications on 
musculoskeletal health, re–injury risk and athletic 
performance. 

Swelling/joint inflammation is also thought to result 
in arthrogenic muscle inhibition.40 Freeman et al40 
mimicked the effects of arthrogenic inhibition fol-
lowing injury using fluid injection into the hip cap-
sule and showed clinically significant reductions in 
GM activation. 

ASSESSING GLUTEUS MAXIMUS FUNCTION

Assessing muscle strength 
Weak muscles have limited capacity to produce force 
in functional situations, which would be expected to 
result in synergistic dominance (adductor magnus 
and hamstrings in hip extension, biceps femoris and 
local hip external rotators, in external rotation).30 
As such, it is important to understand the muscle’s 
strength capacity. GM strength is typically assessed 
using a prone hip extension task, with the knee 
flexed to 90° (to minimize force contribution of the 
hamstrings, through active insufficiency).34 This is 
typically performed via manual testing for muscle 
strength, but we encourage the use where possible 
with a hand-held dynamometer.34 Other methods 

hamstring strains,26 femoral acetabular impinge-
ment syndrome17 and ankle sprains,27,28 and its weak-
ness/dysfunction may be a contributing risk factor 
to or the result of injury. 

WHY MAY GLUTEUS MAXIMUS BECOME 
DYSFUNCTIONAL?

Activity status and posture 
Understanding why GM becomes dysfunctional is 
important to understanding how to correct the under-
lying dysfunction and potentially reduce injury risk. 
Firstly, lifestyle is thought to be a major contributor 
to reduced activity of GM. It is thought prolonged 
sitting reduces the activation of GM and over time 
these muscles become atrophied and weak.10,29 This 
weakness of GM is thought to increased reliance on 
the secondary hip extensor muscles, such as the 
hamstrings and hip adductors to produce hip exten-
sion torque,30,31 clinically referred to as ‘synergistic 
dominance’.30 This is due to the human body utilizing 
the path of least resistance, which refers to utilizing 
the most energy efficient motor pattern regardless 
whether this uses what would be considered the pri-
mary agonist for that role.30 This would increase the 
relative demands placed upon the synergist muscles 
and potentially contribute to pain and strain injuries 
associated with these muscles. 

Furthermore, altered posture of the pelvis can influ-
ence the length-tension relationship of GM, as such, 
reducing its stabilizing capacity.32 Associated with 
hip flexor tightness and local core weakness is an 
anterior tilted pelvis, which elongates the GM and 
places the muscle in a mechanically disadvantaged 
position.8

Reciprocal inhibition and synergistic 
dominance 
Reciprocal inhibition of the GM, secondary to over-
activity of the hip flexor muscle group has been 
implicated to occur and lead to lower extremity 
injury.33-35 It has reported that those with reduced hip 
extension range of motion, and as such, tightness of 
the hip flexor muscles as measured via the modified 
Thomas Test, exhibited less GM activation and lower 
GM: biceps femoris co-activity during a bilateral 
squat, i.e. ‘synergistic dominance’, despite producing 
similar hip and knee extension moments.34 



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 658

Assessing muscle activation 
Often GM can be strong but may present with 
reduced activation or delayed onset during func-
tional tasks.34 For example, those with short hip 
flexors (defined as less than zero degrees measured 
during the modified Thomas test), had two-fold less 
gluteal activation (assessed using surface electromy-
ography [sEMG]) during a bilateral squat than those 
with normal length hip flexors (defined as greater 
than 15° during the modified Thomas test), despite 
similar levels of GM strength under isolated testing 
situations (using prone hip extension strength with 
hand-held dynamometer as described above).34 Hav-
ing an understanding of both neuromuscular activa-
tion (ability to recruit the muscle versus a reference 
contraction) and muscle onset timing (e.g., is there 
a time delay versus other recruited muscles) during 
particular tasks can provide important information 
on GM’s function. 

Most research studies utilize sEMG to describe and 
understand voluntary activation of muscle.44-47 Clin-
ically however, this is not always possible (due to 
skill and/or budgets) or plausible (using sEMG in an 
applied clinical environment for athletes/patients is 
expensive and time consuming). Additionally, sEMG 
use has many limitations (e.g., cross-talk, reliability, 
signal interference, electrode movement/displace-
ment, assessing a specific portion of the muscle to 
refer to the whole muscle, normalization/reference 
tasks).48 As part of the assessment and treatment 
process, it is important to understand how active 

may include isometric or isokinetic assessment of 
hip extension strength using an isokinetic dyna-
mometer.41 A short lever bridge, performed either 
isometrically (timed) or dynamically (number of 
repetitions) can also provide an indication of GM 
muscle strength endurance capacity, which can be 
used clinically with ease and for regular monitoring 
(e.g., monitoring as part of a activation exercises or 
training session).42 

Movement analysis
Qualitative assessment of movement performance 
during sporting type tasks can provide an indication 
of GM function. The GM supports many functions of 
movement, and so, understanding its anatomy and 
function can support an understanding of its abil-
ity to optimally contribute to neuromuscular con-
trol. Inability to maintain limb control, evidenced 
by hip adduction and internal rotation may indicate 
the gluteal muscles are not functioning optimally 
(Figure 1).43 Subsequent assessment to delineate if 
the movement issues are motor control driven (e.g., 
due to altered motor patterns) or due to underly-
ing muscle dysfunction (e.g., a small weak muscle 
which does not sufficiently activate/generate force) 
is needed. Movement should be assessed during 
foundational motor pattern tasks such as the squat, 
deadlift, step up/down as well as during sporting 
type tasks such as landing, jumping and change of 
direction to get a more complete understanding of 
an individual’s movement performance. 

Figure 1. Qualitative assessment of movement patterns can allow for indication of specifi c muscle function. The femoral inter-
nal rotation and adduction (1a), and so medial knee displacement (1b) may indicate insuffi cient function of gluteal muscles, pre-
sented here by two young male athletes during a jumping and a deceleration task.
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on each factor will depend upon the athlete’s profile 
ascertained during the screening process. 

1. Restore optimal lumbopelvic stability and 
balance
Corrective work may be needed to address an ante-
rior pelvic tilt due to both weakness of the postural 
control muscles (e.g., GM, hamstrings, transversus 
abdominis, rectus abdominus) as well as tightness 
of the muscles which may result in an anterior tilt 
(e.g., rectus femoris, psoas, erector spinae). Addi-
tionally, over-activity of the hip-flexor muscles 
can result in reciprocal muscle inhibition of GM.34 
Therefore, these tight and/or short muscles should 
be relaxed, released and lengthened using a combi-
nation of manual release and flexibility techniques.50 
Self-massage techniques such foam rolling can be an 
effective method for increasing joint range of motion 
and performance in subsequent functional move-
ment tasks.50 Additionally, education of the patient 
maintaining static and dynamic pelvic control (e.g., 
ability to maintain pelvic alignment and stability in 
motion) is needed as part of this treatment strategy. 

Often following injury, the local stability system can 
be inhibited (e.g., Transversus Abdominis inhibition 
as discussed above),51 which may require the global 
stabilizers or mobilizers to function in a local stabil-
ity role.7,51 This altered coordination can have influ-
ence on the ability to recruit the GM. Therefore, it is 
essential that for optimal GM function, there should 
also be good core stability with optimal coordina-
tive control between the core stabilizing muscula-
ture. This program should focus on re-activating and 
integrating the local stability system and developing 
muscular strength and endurance capabilities of the 
global stabilizers (Figure 2). 

2. Strengthen the gluteus maximus muscle 
and integrate into motor pattern
As described previously, a weak GM muscle has 
limited capacity to produce force in functional sit-
uations, which would be expected to result in syn-
ergistic dominance.30 So, developing the strength 
and endurance capabilities of GM is essential for 
optimal functioning. Strengthening of any muscle 
group requires careful planning and well-designed 
progressions from less challenging to more chal-
lenging exercise. Ensuring a sufficient stimulus to 

GM is during various tasks and if it is working as 
the primary agonist during GM dominant tasks. One 
approach the authors use clinically, is to take the 
exercise task (e.g., single leg bridge) to the point of 
fatigue, which enables understanding of time/rep-
etitions to fatigue (as such the muscle strength/
endurance capacity) and which muscle (if any) is 
the first muscle to fatigue (as such typically the 
most active muscle during the exercise). This sup-
ports player/patient education, increased buy-in (a 
sense of an individualized approach) and optimized 
self-management (e.g., not reliant on external tech-
nology but internal perceptions). One particular test 
advised to utilize is the single leg bridge to fatigue, 
examining if the GM is the muscle to fatigue (e.g., 
primary agonist), and when it fatigues (e.g., muscle 
endurance capabilities, e.g., number of repetitions 
or time to failure). As the hamstrings are in a short-
ened position during a short lever bridge, synergistic 
dominance is typically indicated by cramping of the 
hamstring muscle31 (e.g., active insufficiency).

Pelvic alignment, mobility and stability
As support to understanding why the muscle may 
be dysfunctional, assessing pelvic alignment and 
stability and hip flexibility is important. Attaining 
data on standing and functional pelvic positioning 
(e.g., standing pelvic alignment) and control of the 
pelvis during movements such as bilateral squat, 
can provide an indication on mobility and dynamic 
stability of the pelvis. The authors advise the use of 
1) the modified Thomas test for hip flexibility;34 2) a 
standing posture analysis; 3) active straight leg raise 
for assessing hamstring flexibility and 4) assessment 
of pelvic alignment and control in functional move-
ments, specifically a bilateral squat/overhead squat.49

CORRECTING GLUTEAL WEAKNESS/
DYSFUNCTION – A HOLISTIC APPROACH
As discussed, GM dysfunction can be the result of 
many factors, and as such, it is advised to incor-
porate a holistic treatment approach to correct its 
dysfunction, ideally supported by the assessment 
techniques to ascertain the patient’s profile (e.g., 
weak GM or not, tight hip flexors or not etc.). Below, 
a proposed holistic treatment approach to correct 
GM dysfunction is presented. Although it is holis-
tic in nature, the degree of time and attention spent 
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exercises (≤70% MVC) for developing maximal 
eccentric strength and RFD is however, question-
able.60-63 It is now becoming accepted that adapta-
tions to moderate resistance training are specific 
to the high force aspect of the isometric force time 
curve63 do not enhance the slope of the force time61-63 

and also do not result in significant gains in maxi-
mal eccentric strength.60 Thus, balancing the use of 
load to failure and high load resistance training (e.g. 
>85% max force or ≤5 repetition maximum [RM]) 
may appear important to provide all round neuro-
muscular optimization, highlighting the need for 
effective training programming/periodization. 

Recently, there has been a body of research inves-
tigating the GM recruitment during various exer-
cises.28,45-47,64-67 This research has reported GM activation 
across various exercises including non-weight bear-
ing (NWB) exercises (such as the clam shell, bridge, 
planks), and more functional weight-bearing (WB) 
exercises (e.g., single leg squat, Romanian deadlift). 

Weight-bearing strengthening exercises
Weakness and dysfunction of GM may bring about 
changes in biomechanics and altered muscle 

bring about hypertrophy and improved strength is 
essential. Strength adaptations have been observed 
in training studies where the intensity of exercise 
ranged between 40% and 95% of maximal inten-
sity.52 Neuromuscular activation of 40-60% is recom-
mended as a minimum for a strengthening effect,53 
although it is apparent there is a dose-response rela-
tionship with greater gains in strength from exer-
cise which elicit higher neuromuscular activation 
values.54-56 Around 70% of activation is thought to 
elicit an optimal ‘strengthening’ effect and achieve 
desired adaptations in muscle morphology, such as 
hypertrophy.45,52,53,57 Traditionally, it was believed 
that very high loads were necessary to bring about 
activation of all type II motor units based on the 
Henneman size principle58 and achieve full and 
complete muscle hypertrophy (targeted at all motor 
units). However, it is suggested that more low-load 
training also recruits fast-twitch muscle fibers and 
can achieve muscle hypertrophy and strength gains, 
provided the working set is continued close to voli-
tional fatigue.59 This would result in activation and 
fatigue of the respective motor units, with the addi-
tion of progressively larger motor units with time. 
The efficacy of low to moderate load strengthening 

Figure 2. Example of some local and global core stability exercises which should be included as part of the holistic programme, 
including single leg bridge with trunk on swiss ball (2a); front plank (2b); side plank (2c) and alternating leg lifts whilst stabilising 
trunk and pelvis on long foam roller (2d).
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stance leg in the frontal and transverse plane, which 
results in a high neural drive to the gluteus maximus, 
medius and other muscles of the lateral system and 
targets all roles of the muscle in a functional manner. 

One consideration with the use of WB exercises is in 
the presence of GM dysfunction (due to either pain, 
swelling, reciprocal muscle inhibition, synergistic 
dominance as discussed). In this situation GM acti-
vation may be reduced, so that the synergists are the 
muscles most active,34 thereby reducing the work 
load of GM and minimizing the stimulus for neu-
romuscular adaptation. Most studies have utilised 
healthy injury free participants when examining the 
typical voluntary activation of GM.  

The most common and typically adopted WB exercises 
for the GM include the squat, deadlift, step up and 
lunge, as well as their numerous variations e.g., split 
squat, single leg Romanian deadlift, lateral step up as 
shown in Figure 3. Understanding GM function and 
the use of appropriate programming and strategies can 
maximize the benefits of these foundational strength 
exercises. These strategies will be discussed below.

coordination. It is known that enhanced muscle 
strength does not directly transfer to enhanced func-
tional performance (kinetics and kinematics).68-70 
Instead, coordinative changes are required to be able 
make full use of the enhanced muscle strength.68 As 
such, motor pattern re-training is needed following/
alongside a corrective program to practice and re-learn 
the desired motor pattern using the ‘new’ muscles. 
This should involve WB foundational exercises with 
biofeedback (to teach and correct compensation strat-
egies). In addition, presuming appropriate technique, 
WB exercises such as single leg squats and deadlifts 
can produce higher levels of activation than isolated 
exercises such as the clam,71 thus been potentially 
more effective more muscle strengthening. The higher 
activation in WB movements is thought to be due to 
these exercises imposing greater movement demands 
on GM.72 In addition these single-leg stance exercises 
also require the gluteus medius, minimus and upper 
part of the GM to resist gravity’s hip adduction torque. 
As well as involving concentric and/or eccentric hip 
extension throughout a large range of motion, frontal 
plane pelvic stability, together with a control of the 

Figure 3. Examples of functional weight bearing exercises to train gluteus maximus. The appropriate technique is crucial to load 
the whole kinetic chain. Exercises included bilateral squat (3a), single leg Romanian deadlift (3b), single leg squat (3c), split squat/
lunge (3d), frontal step up (3e), lateral step up (3f). Each exercise can be loaded with additional weight to provide the necessary 
loading to develop strength.
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Ensure correct technique. During functional tasks, 
the GM must support body weight and pelvis in 
stance and prevent adduction and internal rotation 
of the femur.18,19 During WB exercises it is important 
to ensure optimal technique to 1) maximize GM acti-
vation and 2) maximize the motor pattern retraining 
benefi t. Powers73 discusses this relationship where 
trunk position, either in the sagittal or frontal plane, 
that moves the body center of mass (and resultant 
ground reaction force vector) away from the hip joint 
will increase the demand placed on the hip muscles. 
A knee or quadriceps dominant motor pattern (Fig-
ure 4) is thought to be the result of weak or under-
active hip extensors and preferential over-reliance 
on knee extensors. Greater hip muscle activation 
during jumping and running tasks occur with the 
trunk in a more fl exed position.74,75 As such, coaching 
the athlete in optimal movement strategies (e.g., 
optimal sagittal plane motor strategy and no pres-
ence of dynamic knee valgus or limb rotation) and 
providing biomechanical feedback are important to 
optimise motor patterning during WB tasks and 
accelerate the motor learning process (Figure 5).

Use of load. Most research examining GM activation 
in WB tasks have used body weight only. However, 
most studies typically do not quantify the extent of the 

maximal strength, and thus may work at lower than 
optimal intensities in certain WB exercises, thus result-
ing in lower than maximal activation values. Optimiz-
ing GM activation can at times be achieved by ensur-
ing the correct load/exercise is used to minimize 
compensations (due to being too heavy) or to elevate 
GM activation (e.g., addition of load to make harder). 
The addition of load and typical type of load can modu-
late activity. For example, in trained athletes, Foley 

Figure 4. An example of a knee/quadriceps dominant movement strategy with upright trunk, resulting in greater knee load. 
This is most commonly associated with the knee excessively positioned anterior to toes (4a). An optimal movement strategy bal-
ancing hip and knee contributions, with the knee slightly but not excessively over the toe and similar hip and knee fl exions (4b).

Figure 5. Use of real-time feedback for motor patterning 
technique on the sagittal plane using a system of high-speed 
cameras. Use of video-analysis techniques can facilitate dif-
ferent forms of feedback (from real time to delayed feedback) 
to the patient as part of movement education, as well as 
assessing motor performance. 



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 663

et al.76 showed that body weight bilateral squat had GM 
activity of 78% during the eccentric phase, but 120% 
during the eccentric phase when using a 3RM load. 
Additionally, Contreras et al.66 reported peak EMG of 
85 and 130% EMG maximum of superior and inferior 
GM during the 10RM back squat. 

Use of bands. Use of bands can support elevated 
GM activation. It has been shown that performing a 
bilateral squat with a band around the knee can ele-
vate activation of GM and gluteus medius,76 due to 
maximizing the roles of the muscle (due to the need 
to perform extra work) (Figure 6).

Exercise variation. Variations of the foundation 
movements through incorporating an opposing 

resistance in the opposite limb, for example, includ-
ing the single leg RDL and pull (Figure 7) involves 
loading the hand opposite to the stance leg. The 
added rotary force stimulates the external rotator 
capability of the GM and medius and gives these 
exercises a multi-planar character. GM need to stabi-
lize the hip in the frontal (resisting gravity’s hip 
adduction torque) and transverse plane (preventing 
internal rotation of the thigh) and generate move-
ment in the sagittal plane (concentric/eccentric hip 
extension). Finally, these exercises also train the 
posterior oblique system in that force is transmitted 
forces from the ground through the leg and hip, 
across the SIJ via the thoracodorsal fascia, into the 
opposite latissimus dorsi. 

Figure 6. Example exercises of using a band during a bilateral squat (6a) or cable around the knee during a split squat (6b). The 
added resistance will force increased activation of gluteal muscles to prevent adduction and/or internal rotation of the femur. It 
also acts as a cue to train control of the limb and avoidance of dynamic knee valgus in functional movement tasks. 

Figure 7. Example of specifi c exercises. Double leg squat with one arm overhead resistance (7a) single leg Romanian deadlift 
with weight in opposite had to the stance limb (7b). The exercise challenges the rotation and load transfer requirements of the task 
and also challenges gluteus maximus as part of the posterior oblique system.
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Non-weight bearing exercises
NWB exercises involve performing specific exer-
cises on the ground. They have both strengths 
and weaknesses. The weaknesses include a lack of 
specificity and transference to functional exercises/
movement,70 as well as being time in-efficient (a 
body of time devoted to each specific muscle group, 
as opposed to targeting multiple muscle groups at 
once). The strengths of these exercises are that you 
can often target a specific muscle group in isola-
tion, which can be highly effective in the presence 
of specific muscle weakness or inhibition, or in load 
compromised athletes, during the early periods of 
rehabilitation after injury.

These NWB exercises may also serve as an effective 
pre-activation stimulus, supporting elevated force 
output of the muscle in functional and/sport-spe-
cific tasks,77 thus optimizing coordination and work/
load distribution in subsequent exercises.77 

NWB exercises should overload the muscle group 
using a specific action. As a mobilizer GM functions 
as a hip extensor (posterior and superior fibers), an 
external rotator of the femur and a secondary hip 
abductor. It is thought that maximizing the number 
of roles required for the muscle may support ele-
vated activation (e.g., exercises using external rota-
tion, abduction and hip extension).72 Additionally, 
it is important to note that even during NWB iso-
lated exercises, other muscle groups than GM will 
contribute (e.g., hamstrings and adductor magnus as 
hip extensors or biceps femoris during external rota-
tion). These muscles could potentially compensate 
(e.g., synergistic dominance). Particular techniques 
which can minimize the activation of other agonists, 
antagonists and/or synergists may maximize GM 
activation during these NWB exercises. For exam-
ple, the single leg bridge is a commonly utilized 
NWB exercise for GM and can be performed with 
differing knee angles. Performing the bridge with 
a straighter knee angle will result in greater ham-
string: GM activation ratios.47 In this situation, the 
hamstring will perform the most work and fatigue 
prior to GM, therefore, resulting in limited GM work 
and stimulus for adaptation. Altering the knee angle 
and using a short lever bridge (e.g., < 60%) has been 
shown to reduce activation of the hamstrings (due to 
active insufficiency), thereby reducing their ability 

to contribute to hip extension torques, resulting in 
GM becoming the primary activated agonist.47

Isolated exercises have minimal degrees of free-
dom, skill or motor learning. As such, their aim is to 
maximize muscle activation and endurance capacity 
of the muscle. The common exercises and images 
can be seen in Figure 8. Of note, one specific exer-
cise with emerging research as well as excellent use 
anecdotally in clinical practice is the barbell hip 
thrust. Contreras et al.66 reported peak EMG values 
of 172 and 216% maximum for superior and inferior 
GM respectively during the 10RM hip thrust which 
was significantly greater than that recorded during 
the back squat (85 vs 130% peak EMG, respectively). 
Thus, this has been an exercise of choice in those 
with GM dysfunction. 

3. Develop explosive neuromuscular 
performance and optimize sport-specifi c 
motor control
Improved biomechanics in sports-related tasks does 
not necessarily optimise biomechanics during actual 
sporting performance.78 Additionally, although opti-
mizing biomechanics during sporting tasks is impor-
tant to potentially reduce injury risk,79,80 athletic 
success is not just about quality of movement, but 
also dependent upon the ability to produce high lev-
els of force and power during sporting tasks. The 
biomechanical characteristics of sporting move-
ment are quite different from that of NWB and WB 
strength tasks discussed. Sporting movements such 
as changing direction, sprint running and jumping, 
as well as the stabilisation of the lower limb and pel-
vis in these high load actions, requires differ func-
tional demands. Differences include that sporting 
type movements often involve high velocity (sprint 
running), high loads (such as landing from a jump 
at 1.5 times body weight)81 fast stretch-shortening 
cycle actions and minimal ground contact times (50-
200 ms).82 As such, components of neuromuscular 
function including power, rate force development, 
optimal muscle pre-activation, optimal coordination 
at high movement speeds, and in unconscious sport-
specific situations are important factors for optimal 
‘sport specific’ neuromuscular function.

Ballistic exercise and plyometric type exercises as 
well as agility type drills are important and typically 
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mimic the velocity and/or time characteristics of 
sporting movement. Additionally, these exercises 
can produce high levels of eccentric RFD which 
may support the optimization of control in sporting 
tasks.81 There is limited research on activation of GM 
during certain sporting movements, however, of the 
available research, it is clear that the activations can 
be high, and substantially higher than other tasks, 
with the added benefit of task-specificity. Plyomet-
ric exercises such as change of direction and land 
and cut maneuvers were shown to result in very 
high activation values (> 100% EMG at maximum 
voluntary isometric contraction), with GM the most 
active of the lower limb muscles at between 200-
300% EMG maximum (reference was EMG during 
a maximal prone hip extension task).83 Further-
more, sprint running is a good stimulus to train the 

activation of GM and this movement involves high 
levels of coordination at rapid speeds. Activation 
values of GM have been reported to range between 
100-300% EMG maximum, depending on phase of 
running gait.26 Those with low GM recruitment dur-
ing sprint running were at heightened risk of sus-
taining a hamstring muscle injury.26 So, optimizing 
GM recruitment in sprinting could support a reduc-
tion in sprint related hamstring muscle injury.

Clearly, these movements are the most complex and 
specific, and as such, a reduction in activation due 
to inhibition may facilitate compensation (altered 
kinematics and/or internal muscle coordination). 
Recognizing the high activation values and potential 
benefit from sporting type movements is important 
and often under-appreciated. 

Figure 8. Non-weight bearing exercises for the gluteus maximus muscle including clam (8a), side leg raise in hip extension (8b), 
single leg bridge (8c), bilateral glute bridge (8d), side plank with abduction (8e), bird dog exercise (8f).



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 666

providing clinicians with a resource to support prac-
tice in a common but often difficult problem, correc-
tion of GM dysfunction.
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